ABSTRACT: Hepatopancreatic brush border lys~s (HBL) is a new bacterial disease of Palaernon elegans found in 1 shnmp from a rock pool of the northern Adriatic Sea. The HBL bacteria are Gram-negative, elongate and slightly cunled, and measure up to 7 X 0.2 pm. They were observed only extracellularly in the lumina of hepatopancreatic tubules. The grade of infection varied considerably among the tubules. A typical cytopathological feature of HBL infection is the unusual end-toend contact of bacteria with individual microvilli which eventually induces rupture of the microvillous border. The bacteria in the lumen may live on the discharged contents of such lysed cells. Only R-cells and F-cells are contacted and lysed and not B-cells.
Palaemon elegans is one of the most common shrimp of European coastal waters, particularly of the Mediterranean Sea a n d the Atlantic Ocean. Despite the abundance and wide geographical range of this species little is known about its diseases. In the last few years, I have described 2 new viruses, Palaemon B-cell reo-like virus (Vogt 1992a) and Bay of Piran shrimp virus (Vogt 1996) , and a rickettsia1 infection (Vogt 1992b ) from specimens sampled from the Bay of Piran, Adriatic Sea. This paper reports on a further disease of Palaemon elegans from the same location, a bacterial infection with an unusual cytopathology.
Materials and methods. Seven mature females of Palaemon elegans Rathke, 1837 (Crustacea, Decapoda, Palaemonidae) were collected from a rock pool on the Savudrija peninsula (Istria, Croatia), and fixed for histological examination. For light microscopy, samples of the hepatopancreas, stomach, anterior part of the midgut, ovary, musculature and connective tissue were fixed in Bouin's solution and embedded in paraffin. The sections were stained with H&E. Samples for electron microscopy were fixed in cold 3.5% glutaraldehyde diluted in Sorensen's buffer at pH 7.4 for 2 h. Thereafter, they were rinsed in 0.1 M Sorensen's buffer, postfixed in 1 % osmium ferrocyanide for 2 h, successively washed in Sorensen's buffer and 0.05 M maleate buffer at pH 5.2, stained e n bloc with 1 % uranyl acetate in maleate buffer for 2 h, dehydrated through a graded series of ethanol, and embedded in Spurr's resin. Ultrathin sections were contrasted with lead citrate for 2 min and examined with a Zeiss EM 9-S2 electron microscope.
Results a n d discussion. Hepatopancreatic brush border lysis (HBL) bacteria were detected in 1 out of the 7 mature females investigated. Of the remaining 6 specimens 2 were healthy, 1 was infected with Palaemon B-cell reo-like virus (Vogt 1992a) , 1 with Bay of Piran shrimp virus (Vogt 1996) , 1 with rickettsiae (Vogt 1992b) a n d 1 with both PBRV and rickettsiae.
HBL bacteria were only found in the hepatopancreas, and not in the stomach, anterior part of midgut, ovary, musculature or connective tissue. Their distribution pattern in the several hundred tubules of the infected female was not uniform: some tubules were heavily infected, others not at all. The bacteria were exclusively located in the tubular lumen (Fig. l a , b) particularly in the narrow indentations of the tubules (for microscopic anatomy of the hepatopancreas of Decapoda see Vogt 1994) . The bacteria were easily visible in ultrathin sections and could also be recognized in semithin sections stained with Richardson's solution but not in Bouin's fixed and H&E stained paraffin sections.
HBL bacteria are elongate and slightly curved and measure up to 7 X 0.2 pm in ultrathin sections ( Fig. l b , fibrillar strands which are most probably DNA (Fig. l e ) . The most characteristic feature of HBL infection is the unusual contact of individual bacteria with microvilli ( Fig. If, g ). The bacteria seem to 'dive' into the microvillous border (Fig. If, h ) by depressing single contacted microvilli ( Fig. 1 f , g ) . They have always a
close end-to-end contact with such depressed microvilli (Fig. l g ) . Of the 3 mature cell types of the hepatopancreas only R-cells and F-cells are contacted and not B-cells. Eventually, contacted microvillous borders disintegrate (Fig 2a) and the contents of the respective cells are discharged into the tubular lumen (Fig. 2b ) Interestingly, the organelles of such contacted cells are not transformed prior to lysis (Fig. lb, f) . The bacteria which multiply in the tubule lumen by binary fission (Fig. 2c ) seem to l~v e on the debris of lysed cells. Usually, the hepatopancreatic tubule system of decapods is free of bactena. The ston~ach-gut tract, In contrast, often contalns saprophytic bacteria which have been internalized with the feed (Sugita et al. . Such opportunistic microorganisms can become pathogenic just by chance, under stress situations or if they enter 'wrong' body compartments (Johnson 1983 , Brock & Lightner 1990 , Chen et al. 1992 , Lightner 1993 , Song et a1 1993 , Pizzutto & Hirst 1995 . Since the HBL bactena occurred only in the lumen of the hepatopancreatic tubules, they were probably acquired via the feed. The most prominent feature of HBL cytopathology is the depression of individual, bacteria-contacted microvilli. Such a peculiar kind of bacterial attachment has not previously been reported for aquatic animals (Johnson 1983 , Kinne 1983 -1990 ). Adhesion of bacteria to surface structures of target cells is often a prerequisite of their pathogenicity (Huq et al. 1986 , Yamamoto & Yokota 1989 . The degree of virulence even appears to be directly correlated with the intensity of attachment, as shown by Chen & Hanna (1994) for Vibrio anguillarum and Vibrio parahaemolyticus in the prawn Penaeus monodon. Adhesion is performed by lectin-like adhesins or other proteins which bind to carbohydrates or proteins on the surface of the host cells (Ofek & Doyle 1994) . The destruction of the host cell is then induced by punctual secretion of exotoxins from the attached bacteria or direct toxic interaction with surface molecules of the target cell (McGee & Robinson 1985) .
In HBL, the destruction of the contacted cells can clearly be related to the bacteria for the following reasons: (1) The observed discharge of R-cells and F-cells in the hepatopancreatic tubules is not just a sign of normal cellular replacement since aged R-cells and F-cells are removed in the collecting ducts and the antechamber of the hepatopancreas, not in the tubules, and are replaced from the mitotic centres at the blindended tips of the tubules (Vogt 1.994) . (2) The observed discharge also does not reflect extrusion of R-cells and F-cells damaged by premature aging, chemicals, viruses, etc., because in such cells the organelles would be considerably transformed prior to rupture of the microvillous border (Vogt 1990 ). In HBL, however, the bacteria-contacted microvillous borders disintegrated before there was any obvious lesi.on, of the cell organelles (Fig. 2a, b) .
Pathogenic bacteria often cause unspecific damage to the hepatopancreas. For instance, granulomatous hepatopancreatitis bacteria of Astacus astacus induce simultaneous lysis of larger areas of the hepatopancreatic epithelium (Vogt & Rug 1997) . HBL bacteria, in contrast, contact and 1.yse only ~ndividual R-cells and F-cells, not B-cells. R-cells are the nutrient absorbing and storing cells of the decapod hepatopancreas (Vogt 1994) , and F-cells synthesize digestive enzymes (Vogt et al. 1989) . The function of B-cells has not yet been established (Vogt 1993) . Specific attachment of bacteria to a particular host cell type is also known for some human diseases. For instance, Neisseria gonorrhoeae interacts only with non-ciliated cells of the human fallopian tube mucosa and not w~t h ciliated cells (McGee & Robinson 1985) .
Since HBL was detected in only 1 specimen sampled from the wild several questions are still open and need further investigation: the taxonomic identity of the HBL bacteria, their geographical distribution, the exact route of infection, the temporal course of pathogenesis, and the grade of pathogenicity in wild populations.
